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(54) Compact image capture device with local image storage 



(57) The present image capture device incorporates 
an array of photodetectors that are spaced apart to pro- 
vide unused space. An integral current mirror is formed 
in the unuseb space at each photodetector location to 
increase photodetector current output. A correlated 
double sampling circuit is also formed at each photode- 
tector location to sum the current generated by the cur- 
rent mirror over each exposure period, so as to produce 
a voltage proportional to the radiation intensity incident 




at each photodetector location. An analog-to-digital cir- 
cuit and a non-volatile memory circuit are to receive the 
produced voltage and to store the voltage until the 
memory circuit is addressed. All or part of the memory 
circuits may be addressed to output all or a segment of 
the voltages that represent a captured image. Combin- 
ing the image capture device with a unique lenslet array 
forms an extremely compact optical array camera. 
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Description 

Cross-Reference To Related Applications 

the present application is related to U.S. Applica- 
tion Serial Number 08/652,735, filed May 23, 1996, by 
Mark M. Meyers, and entitled, "A Diffractive/Refractive 
Lenslet Array;" U.S. Application Serial Number 
08/417,422, filed April 5, 1995, by Mark M. Meyers, and 
entitled, "A Blur Filter For Eliminating Aliasing In Electri- 
cally Sampled Images; "U.S. Application Serial Number 
08/663,887, filed June 14, 1996, by Mark M. Meyers, 
and entitled, "A Diffractive/Refractive Lenslet Array 
Incorporating A Second Aspheric Surface;" U.S. appli- 
cation Serial Number 08/684,073, filed July 18, 1996, by 
Mark M. Meyers, and entitled, "Lens;" U.S. Application 
Serial Number 08/699,306, filed August 19, 1996, by 
Mark M. Meyers, and entitled, "Compact Image Cap- 
ture Device. " 

FIELD OF THE INVENTION 

This invention relates generally to the field of image 
capture devices and more particularly to an improve- 
ment that integrates analog and digital circuits and 
image memory into the areas between the individual 
photodetectors that form the image capture device and 
to their combination formed as an optical array camera. 

BACKGROUND OF THE INVENTION 

The invention disclosed in U.S. Patent No. 
5,471,515, to Fossum, et. ah, entitled "Active Pixel Sen- 
sor with Intra-Pixel Charge Transfer, " converts the pho- 
togenerated charge, stored under the photogate of a 
semiconductor photosensor into a voltage by transfer- 
ring the charge to a sense node (typically a capacitor) 
located within the active pixel unit cell. Fossum then uti- 
lizes dual sample correlated double sampling of the volt- 
age based signal to reduce signal noise and eliminate 
the effect of dark current from the photosensor. The 
voltage associated with the image exposure is then sub- 
tracted from the voltage associated with a read during a 
dark sample by a voltage differencing amplifier located 
at the end of the row or column of the photosensors. By 
using appropriate row and column select data lines a 
subsection of the array can be read out without the need 
to read out the entire image array. The Fossum inven- 
tion does not i towever allow for an increase in the over- 
all sensitivity of the photosensor (CCD detector) 
elements, nor does it envision the utilization of an array 
optic type structure to form an image of different seg- 
ments of a field of view, although the patent does dis- 
close the use of a lens array for concentrating light on 
the active pixel. Fossum does not include means for 
adjusting the overall exposure level of the pixel internal 
to the unit cell of the detector array. Fossum is also per- 
forming most of the signal processing in a voltage 



amplification mode, whereas the present invention uti- 
lizes the advantages of a current mode of signal 
processing. In addition, the present invention provides 
for the digitization and storage of the digital image data 

s at each photosensor site. 

In U.S. Patent No. 5,004,901, entitled "Current Mir- 
ror Amplifier for use in an Optical Data Medium Driving 
Apparatus and Servo Circuit" to Yoshimoto, et. al., pho- 
togenerated current from an optical disk tracking and 

10 read sensor is amplified in fixed steps by a switchable 
series of current mirrors, where the current mirrors 
achieve current multiplication through the use of output 
stages that incorporate either multiple output transistors 
with the bases of the output transistors connected in 

is parallel or by the use of output transistors with emitter 
areas that are integral multiples of the emitter areas of 
the input side transistor. The purpose of Yoshimoto's 
invention is to allow the utilization of received photocur- 
rents with a large dynamic range by multiplying the input 

20 current by an adjustable ratio, where the multiple cur- 
rent ratios are selected through a switchable network of 
differential amplifiers. Yoshimoto's invention is not 
related to the field of array image sensors and requires 
the use of a switchable array of differencing amplifiers. 

25 Yoshimoto's invention does not integrate the current 
from the photosensor and the current is continuously 
generated by received light from the laser light emitted 
by the optical disk head. Therefore, the sensor is not 
exposed to an image with its sensed signals being irrte- 

30 grated by analog and digital signal processing electron- 
ics, as in the current invention, but is rather used in a 
continuous optical disk position monitoring mode. 
Yoshimoto does not utilize dual slope correlated double 
sampling for noise reduction as disclosed in the present 

35 invention. Yoshimoto does not make any mention of the 
use of array optics with a field of view which varies as a 
function of radial position in the sensor array. 

SUMMARY OF THE INVENTION 

40 

The present invention is directed to overcoming one 
or more of the problems set forth above. Briefly summa- 
rized, according to one aspect of the present invention 
there is provided a compact image capture device com- 

45 prising an array of spaced apart radiation sensors for 
providing output signals that are a function of the inci- 
dent radiation from an image onto each radiation sen- 
sor; array electronics dispersed in the spaces between 
the spaced apart radiation sensors for receiving the pro- 

50 vided output signals so as to amplify, digitize, and store 
the provided output signals to facilitate image capture; 
and a lens array positioned so as to focus the radiation 
of an image to be captured onto said radiation sensors. 
From the aforementioned it can be seen that it is a 

55 primary object of the present invention to provide an 
improved photosensor array incorporating integrated 
support electronics. 

It is yet another object of the present invention to 
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provide a short focal length camera based on the 
improved photosensor array of the present invention. 

It is yet another object of the present invention to 
provide a compact photosensor array that incorporates 
support electronics close to the source of generated 
photocurrent including storage of the digitized image 
data at the photosensor site. 

These and other aspects, objects, features, and 
advantages of the present invention will be more clearly 
understood and appreciated from a review of the follow- 
ing detailed description of the preferred embodiments 
and appended claims, and by reference to the accom- 
panying drawings. 

Advantageous Effect Of The Invention 

The present invention has the advantages of 
increased signal current produced by a combination of 
current mirrors positioned in close physical proximity to 
associated arrayed photodetectors where the increased 
signal current represents an increase in sensitivity for 
the photosensor array. This increased sensitivity, in turn, 
allows for the use of shorter exposure times, or the use 
of optics with smaller numerical apertures when the 
photosensor array is used in a camera. The use of lower 
numerical aperture optics (higher F/#*s) in a camera 
allows for greater depth of focus, easier alignment of 
optics and photosensor and in general decreased sys- 
tem costs. Along with the advantages of being able to 
digitize the image data at the photosensor site to elimi- 
nate noise pickup associated with transmission of the 
pixel data across an analog data bus, and the incorpo- 
ration of memory cells at the photosensor site for local 
storage of digital image data which eliminates the need 
for external memory IC's. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of a unit pixel assem- 
bly that may be arranged in an array and used in a 40 
device such as a camera to capture an image; 

Fig. 2 is a circuit diagram of an alternate embodi- 
ment of a portion of the unit pixel assembly of Fig. 
1; 45 

Fig. 3 is a circuit diagram of another embodiment of 
a portion of the unit pixel assembly of Fig. 1 ; 

Fig. 4 is a block layout diagram of a photodetector so 
array incorporating the unit pixel subassemblies 
and associated memories at each site; 

Fig. 5 is a top view of an optic array camera incor- 
porating a plurality of unit pixel subassemblies; ss 

Fig. 6 is a section view of the photosensor array of 
Fig. 5 taken along the section lines 6-6; and 



Fig. 7 illustrates a camera using a mechanical shut- 
ter in combination with the photosensor array of 
Figs. 5 and 6. 

To facilitate understanding, identical reference 
numerals have been used, where possible, to designate 
identical elements that are common to the figures. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1, a unit pixel subassembly 10, 
forms part of a camera's photosensor array 100 (see 
array of Fig. 4). The unit pixel subassembly 10 is com- 
prised of a photodetector 20, which may be, for exam- 
15 pie, a CCD device and/or a photodiode. The output 22 
of the photodetector 20 is connected to a transfer gate 
24, a reset gate 26, and a multiplying current mirror 
30A. The transfer gate 24 allows the charge, accumu- 
lated by the photodetector 20 during the exposure 
20 period, to be transferred to the multiplying current mirror 
30A at the desired time. When closed, the reset gate 26 
allows for the emptying of the photodetector's 20 accu- 
mulated charge from the previously completed expo- 
sure. When the reset gate 26 is opened and the 
25 camera's mechanical shutter 250 (see Fig. 7) is closed, 
the output from the photodetector 20 is integrated for a 
time equivalent to the previous exposure time so as to 
cancel dark current and noise. This cancellation occurs 
within a correlated double sampling circuit (CDS) 40. 
30 The integrated signal from the CDS circuit 40 is digitized 
by an analog-to-digital converter 56 and the resulting 
digital value is stored in a non-volatile memory 58 which 
may be a SRAM memory. The digital value can be out- 
put to the main data bus 50 by accessing the unit pixel 
35 subassemby(s) through row and column address 
decoders. The image data may be stored at site and/or 
downloaded after each capture. The photosensor array 
100 is then ready for exposure to a new image. 

As is well known the output of the current mirror 
30A is a multiple of the current produced by the photo- 
detector 20. The current multiplying effect is traditionally 
accomplished either by connecting the bases or gates 
of the transistors 32 ! through 32 n in parallel with each 
other or by making the emitter (or source) areas larger 
by an integral multiple of the emitter area of an input 
side transistor 34. Current mirrors of this type operate 
on the principle that the emitter base voltage (or the 
gate source voltage) for all the transistors in the current 
mirror are the same so that each of the collector (drain) 
currents is the same, and therefore the sum of the cur- 
rents from the output side T 0 is a multiple of either the 
number of transistors in the output side or the ratio of 
the area. This current multiplication is represented 
mathematically as follows: 

l out = n * l in 

where 
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n = number of transistors on the output side T 0 " of 

the current mirror 

or 

n = Aout / A jn = the ratio of emitter areas 

With detailed analysis it can be shown that output 
current is not as simple as the above equation and is 
more accurately represented by 

lout-n*(l|„/(1+0» 

where 

p = transistor current gain (typically between 50 and 
200) 

In another embodiment of the current mirror 30A a 
transistor 36 can be added to the input side T ( of the cur- 
rent mirror to drive the bases (or gates) of the output 
side T 0 of the current mirror and thereby reduce the 
effects of leakage current. This is known to reduce the 
non-ideality of the above equation to 

l oul = n*(l jn /(1+p 2 )) 

The output of the current mirror 30A is switched 
between two current amplifiers, amplifiers 42 and 44, 
with gains of +1 and -1, respectively. When the photode- 
tector 20 is receiving incident light its amplified current 
is switched through the +1 gain of amplifier 42 into an 
integrating amplifier 46 for a given amount of time and 
then after the shutter is closed the current is integrated 
through the -1 gain of amplifier 44 for an equal amount 
of time. This operation is known as dual slope, corre- 
lated double sampling, and it eliminates the effects of 
dark current and KTC noise. It differs from dual sample 
CDS in that the signal is switched through two different 
amplifiers depending on whether the signal represents 
the image data or the background data wherever dual 
time CDS uses the same amplification chain. Correlated 
double sampling also reduces Johnson noise, flicker 
noise, and 1/f noise. A similar effect can be achieved by 
integrating the current from an opaquely masked photo- 
detector through the -1 gain of amplifier 44. Using an 
opaquely masked photodetector adjacent to the active 
photodetector 20 allows the correlated double sampling 
technique to be implemented in parallel and decreases 
readout time. The integration of the outputs of the cur- 
rent amplifiers 42 and 44 occurs simultaneously, thus 
eliminating the need to wait for two integration periods 
to have output data. However, since separate photode- 
tectors are used, small differences in dark current and 
noise can arise between them. 

The integrated signal from the photosensors is then 
digitized by an anafog-to-digital converter (ADC) circuit ; 
56. The output of the ADC is stored in the memory cells 
58. In one embodiment of the invention there is only one 
memory cell at each unit pixel subassembly site, it is 



also possible to locate multiple memory cells at each 
site which allows for the storage of multiple images on 
the photosensor array 100. This essentially allows the 
compact photosensor array to act as an optic array 
5 camera 200, complete with an array lens 210 (see Fig. 
5). 

The digital intensity data is accessed by strobing 
the memory cells 58 via row and column address 
decoders, in order to send data to the data bus 50. The 

10 incorporation of the row and column address data lines 
allows for addressing of subsections of the photosensi- 
tive array for more rapid image readout in a specific area 
of interest in the image. This is useful in digital cameras 
which monitor a scene and are only interested in updat- 

15 ing the section of the image associated with moving 
objects. 

Referring to Fig. 2, a current mirror circuit 30B that 
may be substituted for the current mirror 30A, provides 
a second variant of the current mirror function by utiliz- 

20 ing an output transistor T 0 emitter or source whose area 
is n times the area of the emitter or source of the input 
transistor T f . This forms a smaller circuit which in turn 
allocates more area to the photodetector 20. Current 
mirror 30B would be substituted for the current mirror 

25 30A at the connection point marked with a circled A. 

Fig. 3 illustrates another variant of current mirror 
labeled 30C that is connectable to the unit pixel sub- 
assembly 10 of Fig. 1 at the A labeled point marked with 
a circle in place of either current mirrors 30A or 30B. 

30 The current mirror 30C achieves current multiplication 
by biasing the emitter base (or gate source) voltage 
higher on the input side of the current mirror than on the 
output side. This, more specifically, is accomplished by 
adjusting the value of R1 and R2. Alternately, a diode 

35 junction can be substituted into the emitter or source of 
the input side of the current mirror 30C in order to pro- 
vide a fixed voltage bias. 

For a bipolar implementation of the multiplying cur- 
rent mirror, this technique can be illustrated by the 

40 ebers-moll relation, which is given by 

I _ t * o (vbe/kt- 1) 
1 tr ~ 1 s e 

where 

45 

v bei = Vbeo + 0*060 v 

allows for a current multiplication of approximately 10 x 
at 300 k. 

jo Unlike conventional photosensor arrays, photosen- 
sor array 100 contains unused areas at each photode- 
tector site due to the use of an array optic with a variable 
field of view. It is within these areas that the circuits 30A, 
B, or C, and circuit 40, as well as the analog-to-digital 

•5 converter 56 and memory cells 58, are located. As pre- 
viously mentioned, the placement of these circuits in 
close proximity to their associated photodetectors 20 
makes a more efficient photosensor array and reduces 
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the need for external support circuitry. 

To provide the open space between photodetector 
sites without degrading the resolution of the camera a 
unique lens array is used. The array is described fully in 
U.S. Patent Application Serial Number 08/652,735. filed s 
on May 23, 1 996, by Mark M. Meyers, the inventor of the 
present application, and entitled, tt A Diffractive/Refrac- 
tive Lenslet Array. " Portions of the application will be 
used herein to provide support for the claims of this 
invention. 10 

Referring to Fig. 4, the photosensor array 100 is 
shown in a block layout form for ease of understanding. 
Each unit pixel subassembly is connected to a row 
address decoder 60 and a column address decoder 62. 
In operation, data from a subsection of an array can be is 
accessed by using only those addresses that represent 
the location of data of interest. In this fashion segments 
of a captured image may be clocked out more rapidly in 
order to view areas that are capturing rapid scene 
changes while sampling less active areas less fre- 2b 
quently. 

If more than one image is stored at each unit pixel 
subassembly site, the length of the addresses are 
increased accordingly to allow individual access to each 
of the multiple image data words (pixel image data). 25 

Fig. 5 illustrates an optic array camera 200 incorpo- 
rating the photosensor array 100 and a lenslet array 
210. Fig. 6 illustrates a cross-section of the optic array 
camera, taken along the section lines 6-6, in Fig. 5. 
Referring to Figs. 5 and 6 together, the optic array cam- 30 
era 200 is formed with an array 210 of achromatized 
refractive/diffractive lenslets 212 or refractive lenslets 
which are centered over photosensitive sites 217. The 
array of lenslets 210 replaces the typical single round 
lenses that are spaced along one central axis in a cam- 35 
era. To be observed in Fig. 5 is that the center of the 
mechanical optical axis 214 of each lenslet 212 is dis- 
placed relative to the fixed sensor-to-sensor distance as 
a function of its radial distance from the optical axis 21 3 
of the central lenslet which is at the physical center of 40 
the array shown. The lines 215, appearing around the 
mechanical optical axis 214 of each lenslet 212, are top- 
ographical lines indicating changes in height of the lens- 
let's surface. An opaque mask 216 covers the areas 
between the lenslets 212 to prevent light from reaching 45 
the photodetectors (photosensor) other than by passing 
through a lenslet The array depicted in Fig. 6 repre- 
sents only a small portion of an array that is used in an 
actual camera. A typical implementation could consist 
of 480 x 640 (or more) pixels with 3 pixels per lens, so 
Other configurations of the lenslets may be used such 
as forming the outer periphery of each lenslet 212 as a 
square, hexagon, or circle, without detracting from the 
invention. 

In order for the array to see different fields of view, ss 
the optical axis 214 of the lenslets 212 in the lens array 
100 are located at a distance which becomes progres- 
sively larger than the center-to-center distance of the 



pixels in the array. The displacement of the lenslets opti- 
cal axis 214 increases radially from the center of the 
array. Decentering a lens element tends to bend rays 
from off-axis field angles into the center of the lens 
groups field of view. By moving the optical axis of the 
lens element further out radially with increasing dis- 
tance from the center of the array, the angular location 
of an object at the center of the field of view for a given 
lenslet/photodetector pair originates from increasingly 
off-axis segments of the total field of view. 

For instance, the required decenter, for an array 
element of focal length Flj, necessary to deflect a ray 
from the desired field angle into the center of the array 
element's field stop can be determined from the paraxial 
ray tracing equations. The paraxial equations are 

y' = y Q + nu(t/n) 

nV = n 0 u o -y<|> 

where 

y" = height after propagation to next surface 

y 0 = height at previous surface 

u = paraxial slope angle (radians) 

Uo = slope angle before refraction 

4> « power of array element = 1/FLj ) 

n = refractive index of the medium 

Therefore, the displacement for a given lenslet with 
power <)> ( = 1/FLj ) that is necessary to bend the central 
ray from a given angle of incidence u c to a desired angle 
u', after refraction is given by 

d = y = (n 0 u 0 -n'u')/<t> 

The invention utilizes an array of lenslets where the 
local displacement of the lens group's optical axis varies 
as a function of radial position relative to the center of 
the system's image optical axis, so that, to first order 
d(r) = (n 0 u 0 (r)-n'u'(r) )/<(> 

The invention consists of adjusting the lenslet 
decenters so that u'(r) = 0 for the central ray within a 
given lenslefs field of view. In this case the decenter 
necessary for a given element is approximately a linear 
function of the element's radial distance from the sys- 
tem's optical axis. 

Referring again to Fig. 6, the lenslet array 210 is 
positioned over the photosensor array 100 of grouped 
photosensors 222. Each photosensor group 222 is 
located at an associated photosensitive site 217. Each 
group of photosensors 222 is formed with red (R), green 
(G), and blue (B) sensors. The number of photosensi- 
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tive sites 217 corresponds in number to at least the 
number of lenslets 212 in the lenslet array 210. The 
tenslet array 210 is maintained a distance apart from the 
surfaces of the photosensors by spacers 218 that serve 
the additional function of being light baffles. The opaque 5 
masks 216 on the lenslet array 210, combined with a 
field stop aperture plate 240 limit the field of view of any 
particular photosensor so that it does not overlap the 
field of view of its neighbors by a large amount. The 
aperture plate 240, is positioned approximately 0.5mm 10 
to 2.0mm from the surface of the lenslet array 210. The 
aperture plate 240 may be a layer of clear glass having 
a photoresist mask pattern formed on one of it's sur- 
faces. 

The center of the apertures in the aperture plate is 
240 are aligned to the center of the field of view of a cor- 
responding lenslet. The spacing of the mechanical opti- 
cal centers 214 increases as a function of each lenslefs 
radial position radially from the center of the array caus- 
ing the aperture plate 240 to be slightly larger than the 20 
associated lenslet array 210. The combination of the 
opaque areas 216 with the aperture plate 240 and a 
given lenslet focal length determines the field of view for 
a photosensitive site 217. The lenslet array 210 can be 
formed of etched quartz, or an epoxy replica on a glass 25 
substrate or can be injection molded plastic. 

The lenslets 212. combined with the appropriate 
field stop aperture plate 240. form images of a small 
segment of the field of view on each photosensitive site 
217. By forming the lenslets 212 with decentrations of 30 
the mechanical optical axis 214, which increase radially 
across the lenslet array, the angle which the axial ray 
incident on any particular lenslet makes with the surface 
normal to the plane of the lenslet array 210 will increase 
as a function of the particular lenslefs radial position on 35 
the array. Therefore, by appropriately forming the 
decenters of each lenslet each photosensitive site 217 
will view a different segment of a scene (image). Since 
each photosensor group 222 has its own lenslet there is 
no need to reinvert the image with a relay lens. 40 

Therefore, any camera system, incorporating the 
present invention, can be extremely compact and flat 
due to the integration of the above described circuitry 
which allows for the elimination of support circuit boards 
which in turn allows for a further decrease in the size of 45 
the camera. The camera can work in black and white or 
in color if three unit pixel subassemblies with color filters 
are formed at each pixel site 21 7 to pass only assigned 
frequencies of incident radiation. 

An array of aspheric lenslets can also be used to so 
form images on the photosensor array 100. However, 
the aforementioned embodiment does not correct for 
the variation in focal length as a function of wavelength 
since the lenslet is formed from a single refractive mate- 
rial, therefore the spot size of the incident light varies as ss 
a function of color. 

By utilizing a multiplying current mirror to increase 
the photocurrerrt generated at each photosite the effec- 



tive sensitivity of the photosensor array is increased. 
Prior art photosensitive arrays (such as CCD arrays) 
require the use of lenses with very high numerical aper- 
tures (low F/#'s, typically on the order of F/1.8 to F/4.0) 
which are more difficult to align, harder to keep in focus 
and in general cost more than lower F/# objective 
lenses. For an array optic camera with a field of view 
which varies as a function of radial position in the photo- 
sensitive array, the use of a photosensor unit cell with 
increased sensitivity will allow for the use of lower F/# 
optics. The definition of lens F/# is 

F/# b Focal Length/Lens Diameter 

Reducing each lenslefs F/# allows for the reduction 
of the center-to-center spacing between array elements, 
since, for a given F/# and detector sensitivity a specific 
photocurrent is generated. The illumination incident on 
the detector array from a given lenslet is proportional to 
the (F/#) 2 . Therefore, if the sensitivity is increased by x, 
the F/# can be reduced by x 172 . For instance, if an array 
optic camera, without multiplying current mirror, is used 
with a lenslet having a F/# = 4.0 and a FL = 0.5 mm the 
lenslefs diameter would be 250 urn. Therefore, if an 
array optic camera is formed with 780 by 640 pixels the 
length of the long dimension of the array would be 32.5 
mm, assuming 3 color pixels (photosensors) at each 
photosite. This would require a large area of silicon per 
photosensor array, which would increase part costs and 
result in lower yields of photosensors from a given wafer 
size. By incorporating a current mirror with a multiplica- 
tion factor of 16 at each photosite the lenslet diameters 
can be reduced by 4x to 65 nm and the length of the 
array will be reduced to 8.125 mm, resulting in higher 
photosensor yields and lower part costs. The array optic 
camera can utilize this technique with no decrease in 
usable photosensitive surface area since the space 
between photosites is not utilized for light detection. The 
area between photosensors can be minimized to allow 
only the necessary support circuitry. For instance, if the 
spacing between photosensor is 65 urn and the single 
color photosensor size is a square, 5 to 10 jam on a side 
there is 4225 ^m 2 in a unit cell and only 75 to 300 jim 2 
surface area associated with the three color photosen- 
sor's active area. Therefore, the area between pixels is 
56 to 14 times as large as the photosensor. This extra 
area allows for the incorporation of the analog circuitry, 
the ADC and from 1 to n non-volatile memory cells at 
each photosite. The larger the number of memory cells, 
the larger the number of images that can be stored at 
the photosite. The use of appropriate memory (for 
instance, flash memory) allows for storing image data 
even when the power to the camera is turned off. It is 
also possible to use DRAM memory at the photosites 
given that it is acceptable to include refresh circuitry. 
DRAM memory can be constructed using less surface 
area which allows for either smaller distance between 
photosites or storage of more image data. 
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The use of the multiplying current mirror in conjunc- 
tion with the above memory and lenslet array allows for 
the decrease of the distance between the photosites. 
However, larger distances between photosites allows 
for the incorporation of more memory cells. Therefore it 5 
is a trade off between the multiplying factor associated 
with the current mirror and the number of images that 
can be stored in the compact imaging array. 

Fig. 7 illustrates the optic array camera 200 of Fig. 
6 positioned in a light tight housing 252 that is exposed 10 
to an image via a mechanical shutter 250. The mechan- 
ical shutter may be any of the typical shutters used in a 
film type camera. The advantage to the optic array cam- 
era 200 of Rg. 6 is that no mechanical shutter is 
required; the photosensors 222 are turned "on" or 15 
active to capture light from the image focused onto the 
photosensor array 100. In the Fig. 7 embodiment the 
photosensors 222 are turned "on " generally when cam- 
era power is on and image capture occurs when the 
shutter 250 is activated. 20 

The invention has been described with reference to 
a preferred embodiment; However, it will be appreciated 
that variations and modifications can be effected by a 
person of ordinary skill in the art without departing from 
the scope of the invention. 25 
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1. A compact image capture device comprising: 

an array of spaced apart radiation sensors for 
providing output signals that are a function of 
the incident radiation from an image onto each 
radiation sensor ;_ 

array electronics dispersed in the spaces 
between the spaced apart radiation sensors for 
receiving the provided output signals so as 
amplify, digitize, and store the provided output 
signals to facilitate image capture; and 
a lens array positioned so as to focus the radi- 
ation of an image to be captured onto said radi- 
ation sensors. 

2. A compact image capture device according to 
Claim 1 and further comprising: 

a mechanical shutter positioned proximate said 
lens array for controlling which images are radi- 
ated onto said array of radiation sensors. 

3. A compact image capture device according to 
Claim 1 wherein said array electronics is comprised 
in part of: 

a plurality of current multipliers, corresponding 
in number to the number of radiation sensors, 
each connected to an associated radiation sen- 
sor; 

a corresponding plurality of analog-to-digital 
converters, each connected to an associated 
current multiplier; and 

a corresponding plurality of storage devices 
connected to receive the digital output of a cor- 
responding analog-to-digital converter for stor- 
ing the provided output signal.. 

4. An image capturing device comprising: 

an array of spaced apart groups of radiation 
sensors for providing output signals that are a 
function of the wavelength of incident radiation 
from an image onto each radiation sensor; 
array electronics dispersed in the spaces 
between the spaced apart groups of radiation 
sensors for receiving, amplifying, digitizing, 
and storing the digitized output signals; and 
a lens array positioned so as to focus the wave- 
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14 



lengths of radiation from an image to be cap- 
tured onto associated ones of the radiation 
sensors in each of the groups of said radiation 
sensors such that each radiation sensor in a 



a data bus; and 

row and column select means for connecting 
the output from said memory means to said 
data bus. 



group provides an output signal that is stored 5- - 
as a function of its sensed wavelength. 

5. A photosensor array of current generating photode- 
tectors each in combination with an associated mul- 
tiplying current mirror located adjacent thereto and 10 
comprised of one input transistor and at least two 
output transistors where the generated photocur- 
rent from each photodetector is multiplied by an 
integer equal to the number of output transistors in 
the associated multiplying current mirror with the 15 
output of the current mirror being forwarded to a 
digitizing and memory means located adjacent to 

an associated current mirror for storage. 

6. The photosensor array according to Claim 5 and 20 
further comprising: 

a correlated double sampling circuit connected 
to receive the output signal of an associated 
multiplying current mirror and for providing its 25 
output to said analog-to-digital converter and 
said memory means. 

7. The photosensor array according to Claim 6 and 
further comprising: 30 

row and column addressing means for con- 
necting the output from an addressed memory 
means to the data bus. 

35 

8. The photosensor array according to Claim 6 in 
combination with a camera wherein said photosen- 
sor array is exposed to the image to be captured by 
said camera so as to provide a stored representa- 
tion of the image. 40 

9. The photosensor array according to Claim 5 and 
further comprising: 

a lenslet array having a number of lenslets cor- 45 
responding in number to the number of current 
generating photodetectors each lenslet posi- 
tioned so as to focus incident radiation onto an 
associated current generating photodetector, 
each lenslet being a refractive/diffractive lens- so 
let wherein the center of the mechanical optical 
axis of each lenslet is displaced relative to the 
displacement of its associated photosensor's 
radial distance from the optical axis of the lens- 
let located in the center of the array. 55 

10. The photosensor array according to Claim 5 and 
further comprising: 
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(54) Compact image capture device with local image storage 



(57) The present image capture device incorporates 
an array of photodetectors that are spaced apart to pro- 
vide unused space. An integral current mirror is formed 
in the unused space at each photodetector location to 
increase photodetector current output. A correlated 
double sampling circuit is also formed at each photode- 
tector location to sum the current generated by the cur- 
rent mirror over each exposure period, so as to produce 
a voltage proportional to the radiation intensity incident 




at each photodetector location. An analog-to-digital cir- 
cuit and a non-volatile memory circuit are to receive the 
produced voltage and to store the voltage until the 
memory circuit is addressed. All or part of the memory 
circuits may be addressed to output all or a segment of 
the voltages that represent a captured image. Combin- 
ing the image capture device with a unique lenslet array 
forms an extremely compact optical array camera. 
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